T he main aim of this paper was to resolve the correlation between intelligence test scores and standing height into genetic and environmental components. Data on 1181 identical and 1412 fraternal twin pairs (all males) were retrieved by matching files from the Norwegian Army with twin registries. The data were analyzed by means of a structural equation model comprising latent genetic, shared environmental and nonshared environmental factors and correlations between them. A major part of the height-intelligence correlation was due to correlated shared environments (59% of the phenotypic height-intelligence correlation), but statistically significant effects of correlated genes and nonshared environments were also found (respectively 35% and 6% of the phenotypic correlation).
Several studies have found moderate but consistently positive correlations between height and intelligence test scores (Husén, 1959; Johnson, 1991; Tanner, 1966; Teasdale et al., 1989; Tuvemo et al., 1999; Udjus, 1964) . The height-intelligence correlation is apparent early in life (Humphreys et al., 1985) , but it may be at least as large in adults as in children. Johnson (1991) pooled the correlations from several studies and concluded that the average height-intelligence correlation was slightly (and significantly) larger among adults than among children (.22 and .18, respectively) .
The height-intelligence correlation may be decreasing, at least in the Scandinavian countries. Among Norwegian conscripts born between 1950 and 1985, it decreased quite steadily from .17 to .14 (Sundet et al., 2004) . Data on Danish conscripts showed that the correlation between height and intelligence was steadily declining from the birth cohorts in the early 1940s to the cohorts in the mid 1960s (Teasdale et al., 1989) . Husén (1959; cf. Tanner, 1966) reported a correlation of .22 among Swedish conscripts. Tuvemo et al. (1999) studying a more recent conscript cohort (1994) , found a correlation of .14.
Several authors have discussed the relative importance of genetic and environmental factors involved in the height-intelligence correlation. Johnson (1991) reasoned that environmental conditions aggregate in social classes, implying that the height-intelligence correlation should decrease if social class is partialled out. He found that the correlation between height and intelligence was only slightly reduced when controlling for social class, and concluded that genetic factors may play a major part. In a large twin study, Husén (1959) found that the cross-trait cross-twin correlation between height and intelligence was not much higher in monozygotic (MZ) than in dizygotic (DZ) twin pairs (.33 and .25, respectively) , and concluded that environmental factors seem to be of primary importance in explaining the relationship between height and intelligence.
A major step toward elucidating the nature of the relationship between height and intelligence would be to resolve the phenotypic association into component genetic and environmental pathways. This type of analysis requires data from genetically informative designs (e.g., twin studies), which can be analyzed by structural equation modeling.
The purpose of the present study is to analyze genetic and environmental sources of covariation underlying the relationship between height and intelligence using data from a large sample of Norwegian twins.
Methods and Materials
In Norway, military service is compulsory for every able young man. Females may enter the service on a voluntary basis. Before they actually enter the service the conscripts are required to meet before a draft
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Resolving the Genetic and Environmental Sources of the Correlation Between Height and Intelligence: A Study of Nearly 2600 Norwegian Male Twin Pairs board where their medical and psychological suitability, including standing height and intellectual ability, for military service are assessed. A great majority of the men meeting before the draft board (about 95%) are examined between their 18th and 20th birthdays. Physically or psychologically disabled are exempted from these investigations. Also, seamen and others who are abroad at the normal conscript age are normally exempted.
Subjects and Data
Twin data on height and intelligence test scores were obtained by matching a file from the Norwegian Army, comprising among other things data on height and intelligence test scores, with two Norwegian twin panels. One of them, the Norwegian Twin Panel, comprises like-sex twins born from 1915 to 1960 (Magnus et al., 1983) . A continuation of the Norwegian Twin Panel (the Norwegian Institute of Public Health Twin Panel) was constructed by using data from the Norwegian Medical Birth Registry, which contains information on all the newborn children in Norway from 1967 and up to the present (Harris et al., 2002) . In this panel, zygosity information was available for the birth cohorts 1967-1979, inclusive. Data on height and intelligence were retrieved for 1181 male MZ pairs and 1412 male DZ pairs, comprising about 50% of the MZ male twins and 59% of the DZ male twins born in the relevant period. Zygosity was ascertained using questionnaire methodology that has been shown to assign correct zygosity in more than 97% of the cases (Magnus et al., 1983) . , 1956) . In a smallish sample (N = 48), the correlation between general ability and the WAIS IQ has been found to be .73, with time spans between the two tests varying from 2 to 25 years (Sundet et al., 1988) .
In accordance with earlier results, the mean general ability scores and height changed over cohorts (Flynn, 1987; Sundet et al., 2004) . Before computing covariances and correlations, the mean scores of height and general ability were standardized to be equal in all the cohorts.
Statistical Models and Estimation Procedures
In order to resolve the correlation between general ability and height into latent genetic and environmental correlations, a comprehensive bivariate path model for MZ and DZ twin data was constructed (e.g., Neale & Cardon, 1992 ). The full model for identical twins is shown in Figure 1 .
The model specifies that each phenotype is explained by a combination of latent genetic, shared environmental and nonshared environmental factors. The genetic contribution was specified in paths from the genetic factors for height and general ability (A h and A ga , respectively), with path coefficients a h and a ga to the height and general ability phenotypes of the twins (h t1, h t2, ga t1 and ga t2 in Figure 1 ). The paths from C ga and C h with the path coefficients c ga and c h to the corresponding phenotypes denote the contribution of environments shared by both twins in a pair. Effects of nonshared environments (E ga , E h ) were denoted e ga and e h . The path coefficients from a given latent factor to one of the phenotypes were constrained to be equal for both twins in a pair. The cross-twin within-trait correlations between latent shared environments are unity both for MZ and DZ twins. The cross-twin within-trait correlations between the latent genetic factors were modeled based on biometric expectations (1 for MZ, .5 for DZ twins) that reflect the extent to which members of identical and fraternal pairs are correlated for addi- 
Figure 1
The full bivariate model of general ability and height for the MZ twin group. A h , C h , E h , A ga , C ga and E ga denote the latent genetic, shared environments, and nonshared environments for height and general ability, respectively. h t1 and h t2 are the height of the two twins; ga t1 and ga t2 the general ability scores. The correlations between the A h 's and A ga 's are 1 for MZ twins, and .5 for DZ twins. The cross-twin cross-trait correlations between A h and A ga is r ab for MZ and .5*r ab for DZ twins. r aw , r cw and r ew are the within-twin cross-trait latent correlations.
tive genetic effects. Nonshared environments were assumed to be uncorrelated for members of twin pairs. The 'ordinary' intraindividual correlation between height and general ability (within-twin cross-trait correlation) was specified in terms of correlations between the latent genetic, shared environmental and nonshared environmental factors of height and the corresponding latent factors of general ability (respectively, r aw , r cw and r ew in Figure 1) . The latent genetic correlation between MZ twins (cross-trait cross-twin correlation) denoted r ab (Figure 1) , was constrained to be equal to the within-twin cross-trait correlation (r aw in Figure 1 ). For DZ twins, this correlation was constrained to be half the within-twin cross-trait genetic correlation (i.e., .5 * r aw ). Shared environments correlations across twins (r cb in Figure 1 ) were specified to be equal to the within-twin cross-trait shared environments correlation (r cw in Figure 1 ). Nine parameters were estimated in the full model. Six of these are the path coefficients from the latent factors to general ability and height (a ga , c ga , e ga , a h , c h , e h ). The other three are the correlations between the latent factors (r aw , r cw and r ew ).
Under this model, expected genetic, shared and nonshared environmental correlations between the general ability and height phenotypes may be readily calculated by the path multiplication rules derived by Sewell Wright (e.g., Neale & Cardon, 1992) . For instance, using standardized path coefficients, the genetic correlation between general ability and height is a ga * r aw * a h (cf. Figure 1) . Heritabilites, shared and nonshared environmental effects on general ability and height may be calculated by squaring the appropriate (standardized) path coefficients.
Parameter estimates were obtained using LISREL, version 8.50 (Jöreskog & Sörbom, 1993) . LISREL supplies maximum likelihood estimates and offers a number of fit indices. We have chosen the traditional chi-square statistic together with the Root Mean Square Error of Approximation (RMSEA) index.
A full model estimating path coefficients for genetic, unshared and shared environments together with the correlations between them was fitted first. To test the significance of the effects mediating the correlation between the phenotypes three reduced models were tested that constrained each of the latent correlations, r aw (and r ab ), r cw (and r cb ), and r ew , to zero.
Results
Descriptive statistics on the nontwins, identical and fraternal twins are shown in Table 1 . The mean general ability and mean height were significantly larger (p < .001) in the nontwin group than among the twins. The standard deviation of general ability was slightly, but significantly (p < .001) smaller among nontwins, whereas the standard deviation of height was slightly larger (p < .001). The mean general ability score was significantly higher among MZ than DZ twins (p < .001), whereas the mean height was significantly lower among MZ twins (p < .01). The standard deviations of the general ability and height were larger in the DZ than in the MZ group, but these differences did not quite reach statistical significance.
The correlation between height and general ability in the nontwin part of the sample was .15. Correlation matrices of general ability and height for MZ and DZ twins are shown in Table 2 .
The within-twin cross-trait correlation was slightly larger in the MZ group than in the DZ group, but not significantly so ( Table 2) . The cross-twin cross-trait correlations between general ability and height for MZ and DZ twins are of special interest in this context. It is seen from Table 2 that the crosstwin cross-trait correlations for MZ twins were almost as high as the within-twin cross-trait correlations. The cross-twin cross-trait correlation for MZ was higher than the cross-twin cross-trait DZ correlation, the DZ correlation being 71.4% of the MZ correlation (Table 2) . LISREL estimates were obtained using the variance-covariance matrices as input. The full model with genetic, shared environments and nonshared environmental effects (the ACE-model) fit the data very well (χ 2 11 = 11.97, p = .37, RMSEA = .008). A reduced model constrained the correlation between nonshared environments of height and general ability (r ew ) to zero. The fit deteriorated significantly when compared to the full model (χ correlation patterns (Table 2) do not indicate dominance variation, so models allowing for dominance effects were omitted. LISREL estimates of the path coefficients and the corresponding heritabilities (a 2 ), and variance estimates for the shared and nonshared environmental effects (c 2 and e 2 , respectively) of height and general ability from the full model are shown in Table 3 . The correlations between the latent genetic, shared and nonshared environments variables and the corresponding phenotypic components of the correlation between general ability and height are shown in Table 4 . As may be seen from the standard errors (Tables 3 and 4) , the path coefficients and the correlations between the latent factors differed significantly from zero.
The values in Table 4 indicate that the correlation between the latent shared environments factor was by far the largest followed by the nonshared and genetic latent factors. The phenotypic component of the shared environments factor accounted for about 59% of the total height-general ability correlation. The corresponding contributions of the genetic and the nonshared environments factors were 35% and 6%, respectively.
Discussion
Considering the substantial correlation between the general ability score used in the present study and WAIS IQ (r = .73, with several years between measurements) found in Norwegian data, it is likely that the results found in the present paper may be generalized to standard intelligence test scores. The twin sample includes more than half of the male twins born in the actual period. Attrition was mostly due to selection in the twin panel and missing intelligence and height data on one or both twins. However, because these results are based on population-based data, the present sample may be more representative than the samples available in many twin studies.
In accordance with earlier results (e.g., Husén, 1959) , we found lower mean values for intelligence scores and height among the twins compared to the nontwin group (Table 1) . This may reflect disadvantages experienced by twins because they share prenatal environments. The rather small difference between the height-intelligence correlation in the twin and nontwin group (.15 and .18 respectively) may not affect the generalizability of the results of the structural equation modeling of twin data to the general population appreciably.
Another potential problem in twin studies is that genetic correlations between the parents due to assortative mating with regard to intelligence and/or height will be distributed as shared environments, possibly inflating the correlation between shared environmental effects. In Norway, spouses have been found to correlate both with regard to intelligence (.32) and height (.18; Tambs, Moum, et al., 1992; Tambs, Sundet, et al., 1992; respectively) . To assess the possible effects of assortative mating on twin correlations, data from extended families (e.g., twins and their parents) on height and intelligence are needed.
The estimates from the bivariate model (Table 4) show that correlated genes, correlated shared and nonshared environments all contribute significantly to the general ability-height correlation. The latent shared environments correlation was by far the largest, followed by nonshared environments and genetic correlations (Table 4 ). The nonshared environments and genetic correlations were of the same order of magnitude, and the difference between them is not statistically significant. The heritabilities of general ability and height by far outsized the contributions of shared and nonshared environments (Table 3) . Consequently, the genetic component of the ability-height correlation was larger than the nonshared environments component (Table 4) . Thus, the genetic correlation component accounted for 35% of the total phenotypic intelligence-height correlation, whereas the nonshared environments component accounted for 6%. The rest (59%) was accounted for by the shared environments correlation component. The genetic correlation may seem to be smaller than often conjectured.
The substantial environmental contributions to the height-intelligence correlation found in the present study and by Husén (1959) conditions for their children than others. Also, some parents may provide both more cognitive stimulation and more adequate nutrition. Secular trends show increases in height and intelligence in numerous countries. This co-patterning may be explained, at least in part, by common childhood environmental influences implicated in growth and development. Lynn (1990) proposed that nutrition might be such a factor. Nutrition may be a potent common factor in developing countries, and may have been so in the industrialized countries in earlier times. However, a recent study suggested that the secular increases in height and intelligence in more recent cohorts are not caused by nutrition as a common factor to height and intelligence (Sundet et al., 2004) . The declining height-intelligence correlation observed in studies of military conscripts in the Scandinavian countries (Sundet et al., 2004; Tanner, 1966 , Teasdale et al., 1989 Tuvemo et al., 1999 ) may, at least partly, be attributed to a decrease in the shared environment correlation component. This could partly be due to improving availability of prenatal care, and a more general awareness among becoming mothers of the potential dangers of smoking and drinking during pregnancy. Also, an increasing awareness of the importance of cognitive stimulation and proper nutrition may have been involved. If so, the shared environmental component of the correlation between height and intelligence might be expected to be smaller in future studies. To the extent that the correlation between spouses with regard to intelligence or/and height changes over time, the genetic part of the height-intelligence may change.
The present data set comprises only adult males. The situation may be different for females. Studies of children and older adults may also prove enlightening. Studies clarifying the factors influencing intelligence and height may also be highly rewarding.
